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1 1977Conditions Scenario

The simulationperiod was limited to April 1, 1977 to October31, 1977. The heatexchange
componentof MASS1wasrecalibratedfor this periodandtheconditionslistedbelow. Simulated
temperatureswerecomparedto observedatseverallocations.Table1 summarizesthecomparison
for theperiod.Severalfiguresfollow showing graphicalcomparisons.

Thissimulationwasperformedusingthefollowing conditions:

� Observed1977flows for modelboundaries:

– ColumbiaRiverat GrandCoulee(hourly),

– Snake Riverat Anatone(daily),

– North Fork ClearwaterRiverat Dworshak(hourly),and

– ClearwaterRiverat Orofino(daily)

� Observed1977flows atall gagedtributaries;

� Constantprojectforebaystages(normalpool elevation);

� Observed1977daily watertemperaturesat GrandCoulee;

� Observed1977daily watertemperaturesat Anatone;

� DworshakandOrofinotemperaturessetto thatobservedat Spalding;

� Watertemperaturesattributariesweresetto observed1977daily valueswhenavailable,long
termmonthlyaverageswhenobserveddatanotavailable;

� Gaslevelswereassumedto be100%saturatedin theGrandCouleeandDworshakforebays,
andatall tributaries;

� At all projects,spill wasassumedto occuronly if thepowerhousecapacitywasexceeded1;
and

� Meteorologydatawasusedfrom thefollowing stations(seeFigures130and131):

– PranghornAirport, Wenatchee,

– HanfordMeteorologicalStation,and

– PortlandInternationalAirport.

1Theapplicationof this rule resultedin zerospill at all projectsfor theentireseason.
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Table1: Statisticalcomparisonof simulatedandobservedtempera-
turesfrom April throughSeptember(RMS andAME units
aredegreesCelsius)

N R2 Bias RMS AME
LMN Scroll Case 128 0.89 -0.36 1.52 1.17
LGSScroll Case 124 0.89 -0.30 1.49 1.18
IHR Scroll Case 200 0.94 -0.17 1.31 1.02
RIS Scroll Case 212 0.98 -0.30 0.59 0.49

MCN Scroll Case 151 0.97 -0.94 1.26 1.06
BON Scroll Case 85 0.97 -1.25 1.56 1.35

SnakeR. @ Burbank 210 0.95 -0.33 1.27 0.95
ColumbiaR. @ VernitaBridge 214 0.98 -0.29 0.62 0.51

ColumbiaR. @ Richland 214 0.98 -0.57 0.82 0.68
ColumbiaR. @ Umatilla 201 0.98 -0.47 0.77 0.62

ColumbiaR. @ Warrendale 214 0.98 -0.37 1.26 0.95
ColumbiaR. @ Vancouver 191 0.97 -0.69 1.46 1.10

ColumbiaR. @ Kalama 214 0.98 -0.75 1.28 1.01
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Figure1: Flow andtemperatureboundaryconditionsatGrandCouleedam.

4



0

10000

20000

30000

40000

50000

60000

01Jan77 01Mar77 01May77 01Jul77 01Sep77 01Nov77 01Jan78

F
lo

w
, c

fs�

Snake River @ Anatone

0

5

10

15

20

25

01Jan77 01Mar77 01May77 01Jul77 01Sep77 01Nov77 01Jan78

T
em

pe
ra

tu
re

, C

�

Snake River @ Anatone

Figure2: 1977Snake Riverflow andtemperatureboundaryconditionsat Anatone.
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Figure3: 1977ClearwaterRiver flow andtemperatureboundaryconditionsat Orofino. Tempera-
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Figure4: 1977North Fork ClearwaterRiver flow andtemperatureboundaryconditionsat Dwor-
shakdam.Temperatureis takenfrom theSpauldinggagedownstream.
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Little GooseScroll Case
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Figure5: Comparisonof simulatedtemperatureandobservedscroll
casetemperature(instantaneous)at Little Goosedam.
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Lower Monumental Scroll Case
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Figure6: Comparisonof simulatedtemperatureandobservedscroll
casetemperature(instantaneous)at Lower Monumental
dam.
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Ice Harbor Scroll Case
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Figure7: Comparisonof simulatedtemperatureandobservedscroll
casetemperature(instantaneous)at IceHarbordam.
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Rock Island Scroll Case
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Figure8: Comparisonof simulatedtemperatureandobservedscroll
casetemperature(instantaneous)at RockIslanddam.
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McNary Scroll Case
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Figure9: Comparisonof simulatedtemperatureandobservedscroll
casetemperature(instantaneous)at McNary dam.

12



Bonneville Scroll Case
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Figure10: Comparisonof simulatedtemperatureobserved scroll
casetemperature(instantaneous)at Bonneville dam.
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Columbia River @ Vancouver
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Figure11: Comparison of simulated and observed daily mean
ColumbiaRivertemperatureat theUSGSgagenearVan-
couver, Washington.
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Columbia River @ Kalama
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Figure12: Comparison of simulated and observed daily mean
Columbia River temperatureat the USGS gage near
Kalama,Washington.
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2 77H/94M Scenario

Thisscenariois thesameasthe1977conditionsscenario,exceptthat1994weather, from thesame
stations(Wenatchee,Hanford,Portland),wasused.This meansthat thesamewatertemperatures
wereusedat theboundaries(GrandCouleeandClearwaterandSnake Rivers).

3 77H/94M/DWR10 Scenario

Simulationof this scenariowasthesameasthe77H/94MScenario,with thefollowing modifica-
tions:

� Dworshakdischarge was increasedto 10.0 kcfs from July 1 to September30, with 1977
flows for remainderof theseason;

� Dworshaktemperatureduringthatperiodwasassumedtobe8.89
�
C (48

�
F) July1 to Septem-

ber 30, with temperaturesthe sameasthe1994WeatherScenariofor the remainderof the
season;

� Clearwatermainstemtemperatureduring theJuly 1 to September30 wereestimatedusing
themethoddescribedin AppendixA; and

� Flow is augmentedon the Columbiain order to maintainflows at PriestRapidsabove 65
kcfs.

Figure13 comparestheClearwaterRiverboundaryconditionsusedin the77H/94M/DWR10sce-
narioto thoseusedin the77H/94Mscenario.WhenthePriestRapidsdischarge(in the77H/94M
scenario)droppedbelow 65 kcfs, the amountrequiredto bring it to 65 kcfs waslagged6 hours
(theapproximatewave travel time from GrandCouleeto PriestRapids)andaddedto theoriginal
(1977)GrandCouleedischarge. Figure14 comparesthedischargeusedat GrandCouleewith the
77H/94Mscenario,andalsoshows theresultchangein flow at PriestRapids.In general,this aug-
mentationhadthedesiredeffect – PriestRapidsminimumflows wereraised,but minimumflows
werecloserto 60 kcfs than65 kcfs. This is probablybecausethewave travel time betweenGrand
Couleewasnotprecisely6 hours.Any augmentationdonein this fashionin goingto beimprecise.

4 77H/94M/DWR1 Scenario

This senariodiffers from the basescenario(77H/94M,Section2) in two ways: (1) discharge at
GrandCouleeis manipulatedin an attemptto meetminimum flow targetsat PriestRapids,and
(2) Dworshakdischarge andtemperatureis manipulated.Figures15 and16 show differencesin
boundaryconditions,from the77H/94Mscenario,usedat DworshakGrandCoulee.

For this scenario,the observed,hourly 1977flows at GrandCouleeweremodifiedin an attempt
to meeta targetminimumflow at PriestRapids.This targetvariedthroughthesimulatedseason,
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Figure14: Altered flow boundaryconditionsat GrandCouleeand
comparisonof resultingflow at PriestRapids.
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as shown in Table 2. To producethe target minimum flow at PRD, the flow at GrandCoulee
was not allowed to go below the PriestRapidstarget minimum less5 kcfs. This was a rough
approximationto accountfor tributaryinflow anddischargewave attenuation,but seemedto have
thedesiredeffect,asshown in Figure16.

Table2: PriestRapidstargetminimumflowsandGrandCouleemin-
imum flowsusedin the77H/94M/DWR1Scenario.

PRD Target GCL
Start End Minimum Minimum
Date Date Flow (kcfs) Flow (kcfs)

01Jan 07May 65� 0 60� 0
08May 08May 60� 0 55� 0
09May 09May 55� 0 50� 0
10May 10May 50� 0 45� 0
11May 11May 45� 0 40� 0
12May 31Dec 36� 0 31� 0
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Figure16: Altered flow boundaryconditionsat GrandCouleeand
comparisonof resulting flow at Priest Rapids in the
77H/94M/DWR1scenario.
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5 ScenarioTemperatureComparisons
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Figure18: Scatterplot comparison,by month,of simulatedtemper-
atureat theCHJForebay.
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Figure19: Cumulative frequency distribution (CFD) plot compari-
son,bymonth,of simulatedtemperatureattheCHJFore-
bay.
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Figure21: Scatterplot comparison,by month,of simulatedtemper-
atureat theCHQWFixedMonitor.
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Figure22: Cumulative frequency distribution (CFD) plot compari-
son,by month,of simulatedtemperatureat the CHQW
FixedMonitor.
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Figure24: Scatterplot comparison,by month,of simulatedtemper-
atureat theWEL Forebay.
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Figure25: Cumulative frequency distribution (CFD) plot compar-
ison, by month, of simulatedtemperatureat the WEL
Forebay.
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Figure27: Scatterplot comparison,by month,of simulatedtemper-
atureat theWELW FixedMonitor.
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Figure28: Cumulative frequency distribution (CFD) plot compari-
son,by month,of simulatedtemperatureat the WELW
FixedMonitor.
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Figure30: Scatterplot comparison,by month,of simulatedtemper-
atureat theRRH Forebay.
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Figure31: Cumulative frequency distribution (CFD) plot compar-
ison, by month, of simulatedtemperatureat the RRH
Forebay.
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Figure33: Scatterplot comparison,by month,of simulatedtemper-
atureat theRRDW FixedMonitor.
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Figure34: Cumulative frequency distribution (CFD) plot compari-
son,by month,of simulatedtemperatureat the RRDW
FixedMonitor.
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Figure36: Scatterplot comparison,by month,of simulatedtemper-
atureat theRIS Forebay.
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Figure37: Cumulative frequency distribution (CFD) plot compari-
son,by month,of simulatedtemperatureat theRISFore-
bay.
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Figure39: Scatterplot comparison,by month,of simulatedtemper-
atureat theRIGW FixedMonitor.
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Figure40: Cumulative frequency distribution (CFD) plot compari-
son, by month, of simulatedtemperatureat the RIGW
FixedMonitor.
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Figure42: Scatterplot comparison,by month,of simulatedtemper-
atureat theWAN Forebay.
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Figure43: Cumulative frequency distribution (CFD) plot compar-
ison, by month, of simulatedtemperatureat the WAN
Forebay.
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Figure45: Scatterplot comparison,by month,of simulatedtemper-
atureat theWANW FixedMonitor.
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Figure46: Cumulative frequency distribution (CFD) plot compari-
son,by month,of simulatedtemperatureat the WANW
FixedMonitor.
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Figure48: Scatterplot comparison,by month,of simulatedtemper-
atureat thePRDForebay.
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Figure49: Cumulative frequency distribution (CFD) plot compar-
ison, by month, of simulatedtemperatureat the PRD
Forebay.
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Figure51: Scatterplot comparison,by month,of simulatedtemper-
atureat thePAQW FixedMonitor.
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Figure52: Cumulative frequency distribution (CFD) plot compari-
son, by month,of simulatedtemperatureat the PAQW
FixedMonitor.
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Figure54: Scatterplot comparison,by month,of simulatedtemper-
atureat theLWG Forebay.
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Figure55: Cumulative frequency distribution (CFD) plot compar-
ison, by month, of simulatedtemperatureat the LWG
Forebay.
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Figure57: Scatterplot comparison,by month,of simulatedtemper-
atureat theLGNW FixedMonitor.
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Figure58: Cumulative frequency distribution (CFD) plot compari-
son,by month,of simulatedtemperatureat the LGNW
FixedMonitor.
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Figure60: Scatterplot comparison,by month,of simulatedtemper-
atureat theLGSForebay.
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Figure61: Cumulative frequency distribution (CFD) plot compar-
ison, by month, of simulatedtemperatureat the LGS
Forebay.
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Figure63: Scatterplot comparison,by month,of simulatedtemper-
atureat theLGSWFixedMonitor.
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Figure64: Cumulative frequency distribution (CFD) plot compari-
son,by month,of simulatedtemperatureat the LGSW
FixedMonitor.
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Figure66: Scatterplot comparison,by month,of simulatedtemper-
atureat theLMN Forebay.
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Figure67: Cumulative frequency distribution (CFD) plot compar-
ison, by month, of simulatedtemperatureat the LMN
Forebay.
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Figure69: Scatterplot comparison,by month,of simulatedtemper-
atureat theLMNW FixedMonitor.
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Figure70: Cumulative frequency distribution (CFD) plot compari-
son,by month,of simulatedtemperatureat the LMNW
FixedMonitor.
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Figure72: Scatterplot comparison,by month,of simulatedtemper-
atureat theIHR Forebay.
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Figure73: Cumulative frequency distribution (CFD) plot compari-
son,by month,of simulatedtemperatureattheIHR Fore-
bay.
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Figure75: Scatterplot comparison,by month,of simulatedtemper-
atureat theIDSW FixedMonitor.
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Figure76: Cumulative frequency distribution (CFD) plot compari-
son, by month, of simulatedtemperatureat the IDSW
FixedMonitor.
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Figure78: Scatterplot comparison,by month,of simulatedtemper-
atureat theMCN Forebay.
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Figure79: Cumulative frequency distribution (CFD) plot compar-
ison, by month, of simulatedtemperatureat the MCN
Forebay.
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Figure81: Scatterplot comparison,by month,of simulatedtemper-
atureat theMCPWFixedMonitor.

87



MCPW FixedMonitor Temperature

5 10 15 20 25

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

May

Temperature, C

F
n(

x)

77H/94M Scenario
77H/94M/DWR10 Scenario
77H/94M/DWR11 Scenario

5 10 15 20 25

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

June

Temperature, C

F
n(

x)

5 10 15 20 25

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

July

Temperature, C

F
n(

x)

5 10 15 20 25

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

August

Temperature, C

F
n(

x)

5 10 15 20 25

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

September

Temperature, C

F
n(

x)

5 10 15 20 25

0.
0

0.
2

0.
4

0.
6

0.
8

1.
0

October

Temperature, C

F
n(

x)

Figure82: Cumulative frequency distribution (CFD) plot compari-
son,by month,of simulatedtemperatureat the MCPW
FixedMonitor.
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Figure84: Scatterplot comparison,by month,of simulatedtemper-
atureat theJDA Forebay.
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Figure85: Cumulative frequency distribution (CFD) plot compari-
son,by month,of simulatedtemperatureattheJDA Fore-
bay.
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Figure87: Scatterplot comparison,by month,of simulatedtemper-
atureat theJHAW FixedMonitor.
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Figure88: Cumulative frequency distribution (CFD) plot compari-
son, by month, of simulatedtemperatureat the JHAW
FixedMonitor.
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Figure90: Scatterplot comparison,by month,of simulatedtemper-
atureat theTDA Forebay.
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Figure91: Cumulative frequency distribution (CFD) plot compar-
ison, by month, of simulatedtemperatureat the TDA
Forebay.
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Figure93: Scatterplot comparison,by month,of simulatedtemper-
atureat theTDDO FixedMonitor.
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Figure94: Cumulative frequency distribution (CFD) plot compari-
son, by month, of simulatedtemperatureat the TDDO
FixedMonitor.
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Figure96: Scatterplot comparison,by month,of simulatedtemper-
atureat theBON Forebay.
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Figure97: Cumulative frequency distribution (CFD) plot compar-
ison, by month, of simulatedtemperatureat the BON
Forebay.

103



W
R

N
O

F
ix

ed
M

on
ito

rT
em

pe
ra

tu
re

0510152025 04
-0

1
19

77
05

-0
1

19
77

06
-0

1
19

77
07

-0
1

19
77

08
-0

1
19

77
09

-0
1

19
77

10
-0

1
19

77

Simulated Water Temperature, C �

77
H

/9
4M

 S
ce

na
rio

77
H

/9
4M

/D
W

R
10

 S
ce

na
rio

77
H

/9
4M

/D
W

R
1 

S
ce

na
rio

-3-2-10123 04
-0

1
19

77
05

-0
1

19
77

06
-0

1
19

77
07

-0
1

19
77

08
-0

1
19

77
09

-0
1

19
77

10
-0

1
19

77

Change in Daily Maximum Temperature from @BASETITLE@, C �

77
H

/9
4M

/D
W

R
10

 S
ce

na
rio

77
H

/9
4M

/D
W

R
1 

S
ce

na
rio

051015202530354045 04
-0

1
19

77
05

-0
1

19
77

06
-0

1
19

77
07

-0
1

19
77

08
-0

1
19

77
09

-0
1

19
77

10
-0

1
19

77

Degree-Days above 20 degrees C 	

77
H

/9
4M

 S
ce

na
rio

77
H

/9
4M

/D
W

R
10

 S
ce

na
rio

77
H

/9
4M

/D
W

R
1 

S
ce

na
rio

F
ig

ur
e

98
:T

im
e

se
rie

sc
om

pa
ris

on
of

si
m

ul
at

ed
te

m
pe

ra
tu

rea
tt

he
W

R
N

O
F

ix
ed

M
on

ito
r.

104



WRNO FixedMonitor Temperature

5 10 15 20 25

5
10

15
20

25

May

Simulated 77H/94H (Base) Scenario Temperature, C

S
im

ul
at

ed
 T

em
pe

ra
tu

re
, C

77H/94M/DWR10 Scenario
77H/94M/DWR1 Scenario

5 10 15 20 25

5
10

15
20

25

June

Simulated 77H/94H (Base) Scenario Temperature, C

S
im

ul
at

ed
 T

em
pe

ra
tu

re
, C

5 10 15 20 25

5
10

15
20

25

July

Simulated 77H/94H (Base) Scenario Temperature, C

S
im

ul
at

ed
 T

em
pe

ra
tu

re
, C

5 10 15 20 25

5
10

15
20

25

August

Simulated 77H/94H (Base) Scenario Temperature, C

S
im

ul
at

ed
 T

em
pe

ra
tu

re
, C

5 10 15 20 25

5
10

15
20

25

September

Simulated 77H/94H (Base) Scenario Temperature, C

S
im

ul
at

ed
 T

em
pe

ra
tu

re
, C

5 10 15 20 25

5
10

15
20

25

October

Simulated 77H/94H (Base) Scenario Temperature, C

S
im

ul
at

ed
 T

em
pe

ra
tu

re
, C

Figure99: Scatterplot comparison,by month,of simulatedtemper-
atureat theWRNOFixedMonitor.
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Figure100: Cumulativefrequency distribution(CFD)plot compari-
son,by month,of simulatedtemperatureat theWRNO
FixedMonitor.
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Figure102: Scatterplot comparison,by month,of simulatedtem-
peratureat theCWMW FixedMonitor.
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Figure103: Cumulativefrequency distribution(CFD)plot compari-
son,by month,of simulatedtemperatureat theCWMW
FixedMonitor.
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Figure105: Scatterplot comparison,by month,of simulatedtem-
peratureat theKLAW FixedMonitor.
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Figure106: Cumulative frequency distribution (CFD) plot compar-
ison,by month,of simulatedtemperatureat theKLAW
FixedMonitor.
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Figure108: Scatterplot comparison,by month,of simulatedtem-
peratureat theWANO FixedMonitor.
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Figure109: Cumulativefrequency distribution(CFD)plot compari-
son,by month,of simulatedtemperatureat theWANO
FixedMonitor.
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6 ScenarioDischargeComparisons
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Figure110: Comparisonof simulateddischargeat thePRDProject.
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Figure111: Comparisonof simulateddischargeattheDWR Project.
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Figure112: Comparisonof simulateddischargeattheLWG Project.
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Figure113: Comparisonof simulateddischargeat theLGSProject.
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Figure114: Comparisonof simulateddischargeattheLMN Project.

10000

20000

30000

40000

50000

60000

70000

04-01
1977

05-01
1977

06-01
1977

07-01
1977

08-01
1977

09-01
1977

10-01
1977

D
is

ch
ar

ge
, c

fs

�

IHR Project

77H/94M Scenario
77H/94M/DWR10 Scenario

77H/94M/DWR1 Scenario

Figure115: Comparisonof simulateddischargeat theIHR Project.
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Figure116: Comparisonof simulateddischargeattheMCN Project.
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Figure117: Comparisonof simulateddischargeat theJDA Project.
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Figure118: Comparisonof simulateddischargeat theTDA Project.
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Figure119: Comparisonof simulateddischargeat theBON Project.
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Figure120: Comparisonof simulateddischargeattheWRNOFixed
Monitor.
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Figure121: Comparisonof simulated discharge at the CWMW
FixedMonitor.
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A Estimation of Clearwater Main StemTemperature

In the1997conditionsand77H/94Mscenarios,watertemperaturesfor theClearwatermainstem
at Orofino and the North Fork Clearwater at Dworshakare assumedto be that observed at the
USGSSpauldinggagedownstream.This is acceptablesinceobservedflows wereusedat bothof
thosemodelboundaries.

In other scenarios,the flows usedat the Dworshakmodel boundarydiffer from observed, and
temperaturesaresynthetic,so that usingthe Spauldingtemperaturesat the Orofino boundaryis
not acceptable.In thesescenarios,a temperaturerecordis estimatedfor theClearwatermainstem
at Orofinousingthetemperaturesfrom theUSGSgageon theNorth Fork of theClearwaternear
CanyonRangerstation(13340600).TheCanyonRangerstationwasin operationduring1977and
overlapstheOrofinorecordfrom 1993to 1996(datain hand).

A simple linear regressionof daily meansat thesetwo stationwasperformed. The resultsare
shown in Figure122.Thedevelopedrelationis

TOrofino

 1 � 1049TCanyon

�
0 � 6110

The adjustedcoefficient of determination(r2) of this relationis 0.9876andthe standarderror is
0.79

�
C. Clearwatermainstemtemperaturesestimatedfor 1977usingtheaboverelationareshown

in Figure123.
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peraturefrom NorthFork Clearwatertemperatures.
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